L a b o r a t o r y of Marine B i o c h e m i s t r y , F a c u l t y of A g r i c u l t u r e , U n i v e r s i t y of Tokyo, Tokyo 113, J a p a n A b s t r a c t -I n Japan, t h e o c c u r r e n c e of Protogonyaulax c a t e n e l l a r e d t i d e , a l o n g w i t h p a r a l y t i c s h e l l f i s h p o i s o n ( P S P ) -i n f e s t a t i o n of b i v a l v e s , was f o r t h e f i r s t t i m e c o n f i r m e d i n 1 9 7 5 , a t Owase B a y , Mie P r e f e c t u r e . S i n c e t h e n , e x t e n s i v e s t u d i e s have been c a r r i e d o u t on v a r i o u s a s p e c t s of PSP s u c h as: s e a r c h f o r a n d i d e n t i f i c a t i o n o f r e s p o n s i b l e p l a n k t o n s p e c i e s , s u r v e i l l a n c e f o r PSP-infested a r e a s and b i v a l v e s , i s o l a t i o n and c h a r a c t e r i z a t i o n o f PSP c o m p o n e n t s , d e v e l o p m e n t of c h e m i c a l a s s a y m e t h o d s , i c h t h y o t o x i c i t y o f P S P s , a n d s e a r c h f o r o t h e r P S P -b e a r i n g o r g a n i s m s . An a t t e m p t is made t o o v e r v i e w t h e PSP s t u d i e s i n J a p a n , f o c u s i n g on r e c e n t f i n d i n g s .
INTRODUCTION

P a r a l y t i c s h e l l f i s h p o i s o n (PSP) i s one of t h e most n o t o r i o u s m a r i n e t o x i n s known. PSP, once i n g e s t e d by humans, evokes p a r a l y s i s and o t h e r symptoms, w i t h f r e q u e n t d e a t h ( r e f . 1). I t i s e s t i m a t e d t h a t t h e number o f v i c t i m s of p a r a l y t i c s h e l l f i s h (PS) p o i s o n i n g worldwide between 1972-1983 exceeded 900, i n c l u d i n g 40 d e a t h s .
Sommer e t a l . ( r e f . 2 ) e l u c i d a t e d t h e c o u r s e o f e v e n t s l e a d i n g t o PS p o i s o n i n g : Protogonyaulax ( f o r m e r l y Gonyaulax) c a t e n e l l a produces PSP, and grows up t o a h i g h d e n s i t y under f a v o r a b l e e n v i r o n m e n t a l c o n d i t i o n s ; t h e organism t h e n i n f e s t s b i v a l v e s which i n t u r n may p o i s o n h u m a n s when i n g e s t e d . L a t e r , p. t a m a r e n s i s , P y r o d i n i u m b a h a m e n s e , &.
bahamense var. compressa, Aphanizomenon f l o s -a q u a e , e t c . , were added t o t h e l i s t of PSPp r o d u c e r s (TABLE 1) . S c h a n t z e t a l . ( r e f . 3) i s o l a t e d t h e f i r s t PSP t o x i n from t h e Alaska b u t t e r c l a m Saxidomus g i g a n t e u s and i t was d e s i g n a t e d s a x i t o x i n (STX) l a t e r .
Subsequent s t u d i e s showed t h a t PSP i s n o t composed o f STX a l o n e , b u t of more t h a n t e n components whose s t r u c t u r e s are c l o s e l y r e l a t e d t o e a c h o t h e r . Some components, such a s STX and gonpautoxin (GTX)-2, have s p e c i f i c t o x i c i t i e s comparable t o t h a t of t e t r o d o t o x i n (TTX).
The minimum TABLE 1. PSP-producing p l a n k t o n S p e c i e s Area PSP components Protogonyaulax c a t e n e l l a -P. t a m a r e n s i s -P. a c a t e n e l l a -P. phoneus -P. c o h o r t i c u l a Pyrodinium bahamense u. bahamense v a r . compressa Gymnodinium c a t e n a t um Cochlodinium s p . Aphanizomenon f l o s -a q u a e [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] . I n J a n u a r y 1 9 7 5 , a p. c a t e n e l l a r e d t
K. HASHIMOTO AND T. NOGUCHI l e t h a l d o s e (MLD) o f PSP i n h u m a n s i s e s t i m a t e d t o b e 3,000 MU* ( r e f . 4 ) b a s e d m a i n l y o n f a t a l cases i n d u c e d by t h i s t o x i n . P S P i s~z u g h l y t h r e e t i m e s m o r e t o x i c t h a n TTX w h o s e MLD i n humans is c o n s i d e r e d t o be 10,000 MU .
I n J a p a n , t h e r e o c c u r r e d t h r e e s u s p e c t e d PS p o i s o n i n g i n c i d e n t s d u r i n g
i d e was o b s e r v e d f o r t h e f i r s t t i m e i n J a p a n a t Owase
Bay, Mie P r e f e c t u r e .
On t h i s o c c a s i o n , PSP was d e t e c t e d b o t h i n t h e r e s p o n s i b l e p l a n k t o n a n d i n s o m e i n f e s t e d b i v a l v e s i n h a b i t i n g t h e same bay ( r e f . 4 ) . S i n c e t h a t t i m e , PSP, a l o n g w i t h t h e r e s p o n s i b l e p l a n k t o n , h a s been e x t e n s i v e l y s t u d i e d i n Japan. Recent s t u d i e s on t h i s m a r i n e t o x i n i n J a p a n a r e overviewed h e r e , f o c u s i n g on s e v e r a l a s p e c t s .
PARALYTIC SHELLFISH POISONING, ALONG WITH THE RESPONSIBLE PLANKTON
A s TABLE 2 s h o w s , a t o t a l o f s e v e n PS p o i s o n i n g i n c i d e n t s h a v e s o f a r b e e n r e c o r d e d i n J a p a n , i n c l u d i n g t h r e e s u s p e c t e d o n e s w h i c h o c c u r r e d b e f o r e 1 9 7 5 when PSP was f i r s t i d e n t i f i e d i n t h e Owase Bay i n c i d e n t . I n J a n u a r y 1979, 16 p a t i e n t s e x h i b i t e d t h e symptoms s p e c i f i c t o PS p o i s o n i n g , a f t e r e a t i n g o y s t e r s c o l l e c t e d f r o m S e n z a k i B a y , Yamaguchi P r e f e c t u r e . Onoue e t a l . ( r e f . 5) d e m o n s t r a t e d t h a t PSP was r e s p o n s i b l e . I n A p r i l of t h e same y e a r , c u l t u r e d s c a l l o p s became h i g h l y t o x i c w i t h PSP i n Funka Bay, Hokkaido, and hence were p r o h i b i t e d from b e i n g marketed. A t t h a t time, s e v e r a l p e o p l e g a t h e r e d and a t e t h e m u s s e l s a t t a c h e d t o t h e s c a l l o p -c u l t u r i n g r a f t s , and t h r e e were poisoned, w i t h one d e a t h r e s u l t i n g . I n May 1 9 8 2 , t w o i n h a b i t a n t s i n O f u n a t o , Iwate P r e f e c t u r e , were l i g h t l y poisoned due t o i n g e s t i o n of t h e p r o t o c h o r d a t e , a s c i d i a n H o l o c y n t h i a r o r e t z i which i s a l s o a p l a n k t o n f e e d e r .
I n t h e e a r l y summer of 1987, s e v e r a l p e r s o n s were poisoned by i n g e s t i n g short-necked c l a m s c o l l e c t e d from Yamakawa Bay, Kagoshima P r e f e c t u r e . The r e s p o n s i b l e t o x i n was d e m o n s t r a t e d t o be PSP ( r e f . 7).
The r e s p o n s i b l e t o x i n was c o n f i r m e d t o b e P S P ( r e f . 6 ) .
TABLE 2. I n c i d e n t s of p a r a l y t i c s h e l l f i s h p o i s o n i n g i n J a p a n
Date C a u s a t i v e L o c a t i o n o f Number o f PSP s h e l l f i s h c o l l e c t i o n p a t i e n t s compo-( D e a t h s )
n e n t s 
?
Miyazu Bay, 42 ( 0 ) ? A i c h i P r e f .
I w a t e P r e f .
Kyoto S e n z a k i Bay, 16 ( 0 ) PXs, GTXs, Yamaguchi P r e f . STXs Funka Bay, 3
-
Hokkaido
Ofunato Bay, 2 ( 0 ) GTXs, STXs Iwate P r e f . Yamakawa Bay, 2 ( 0 ) GTXs Kagoshima P r e f . GTXs = g o n y a u t o x i n s ; STXs = s a x i t o x i n s ; PXs = p r o t o g o n y a u t o x i n s .
I n J a p a n , a t o t a l o f a b o u t 100 p a t i e n t s , i n c l u d i n g t h r e e d e a t h s , d u e t o i n g e s t i n g PSPi n f e s t e d o r s u s p e c t e d s h e l l f i s h e s h a v e s o f a r b e e n r e p o r t e d . I n a d d i t i o n , m o r e t h a n 2 9 p a t i e n t s , i n c l u d i n g 15 d e a t h s , due t o i n g e s t i o n of PSP-bearing c r a b s have been r e p o r t e d , as *,** One mouse u n i t (MU) o f PSP a n d TTX i s d e f i n e d a s t h e a m o u n t o f e a c h t o x i n w h i c h c a n k i l l a 2 0 g ddY s t r a i n male mouse i n 1 5 a n d 30 m i n , r e s p e c t i v e l y , a f t e r i n t r a p e r i t o n e a l a d m i n i s t r a t i o n .
e n a f t e r t h e c r a b p o i s o n i n g i n c i d e n t s a r e added t o t h e PS p o i s o n i n g , t h e economic damage which f i s h e r m e n a n d o t h e r w o r k e r s o f a s I n J a p a n , g. c a t e n e l l a was f i r s t found a s a PSP-producer i n Owase Bay. Subsequent s u r v e y s showed t h a t t h i s p l a n k t o n s p e c i e s i s w i d e l y d i s t r i b u t e d from t h e n o r t h e r n m o s t (Hokkaido) t o s o u t h e r n m o s t (Kyushu) p a r t o f J a p a n , a n d o f t e n f o r m s a r e d t i d e , i n f e s t i n g b i v a l v e s i n h a b i t i n g t h o s e r e g i o n s . P. t a m a r e n s i s was f i r s t d e t e c t e d as a r e s p o n s i b l e p l a n k t o n when b i v a l v e s were t o x i f i e d i n q f u n a t o Bay, Iwate P r e f e c t u r e , and was l a t e r d e t e c t e d i n o t h e r a r e a s s u c h a s S e t o I n l a n d S e a . U n l i k e p. c a t e n e l l a , t h i s s p e c i e s n e v e r f o r m s a r e d t i d e , b u t o f t e n t o x i f i e s s c a l l o p a n d o t h e r b i v a l v e s t o a n e x t r e m e l y h i g h l e v e l ( r e f . 8).
Gymnodinium c a t e n a t u m , which was r e c e n t l y r e c o g n i z e d a s a new PSP-producer i n A u s t r a l i a ( r e f . 9 ) , was a l s o f o u n d a n d c o n f i r m e d a s a P S P -p r o d u c i n g p l a n k t o n when o y s t e r s b e c a m e h i g h l y t o x i c i n S e n z a k i Bay, Yamaguchi P r e f e c t u r e d u r i n g December 1986-January 1987 ( r e f . T o x i f i c a t i o n of b i v a l v e s h a s a l s o been r e p o r t e d from E a s t Hokkaido, t h e c o a s t s of I b a r a k i P r e f e c t u r e , Tanabe Bay (Wakayama P r e f e c t u r e ) , Tsushima I s l a n d s (Nagasaki P r e f e c t u r e ) , and Yamakawa Bay (Kagoshima P r e f e c t u r e ) . 
) ) -,
Ofmato
t o c h o r d a t e , a s c i d i a n H o l o c y n t h i a r o r e t z i i s s o m e t i m e s t o x i f i e d . F i g u r e 2 s h o w s t h e s e a s o n a l v a r i a t i o n s i n PSP t o x i c i t y of s e v e r a l b i v a l v e s which were p l a c e d i n e s s e n t i a l l y t h e same e n v i r o n m e n t s , i n d i c a t i n g w i d e l y d i f f e r e n t p a t t e r n s o f t o x i f i c a t i o n ( r e f . 13). The s c a l l o p became t o x i c most q u i c k l y and remained f a i r l y t o x i c f o r a l o n g p e r i o d , w h i l e t h e o y s t e r w a s t o x i f i e d m o s t s l o w l y , r e f l e c t i n g t h e i r d i f f e r e n c e s i n a c c u m u l a t i o n a n d m e t a b o l i s m o f PSP. TABLE 3 s h o w s t h e a n a t o m i c a l d i s t r i b u t i o n o f PSP t o x i c i t y i n s c a l l o p s c o l l e c t e d f r o m Ofunato Bay. S c a l l o p s p e c i m e n s w e r e e x c i s e d i n t o t i s s u e s i m m e d i a t e l y a f t e r c o l l e c t i o n , and k e p t f r o z e n u n t i l a s s a y ( r e f . 8). The a d d u c t o r muscle was n o n t o x i c t o weakly t o x i c (3-13
MU/g) e v e n i n t h e s p e c i m e n s w h o s e d i g e s t i v e g l a n d s were e x t r e m e l y t o x i c ( 6 , 5 0 0 -1 1 , 0 0 0 
MU/g). The a d d u c t o r m u s c l e was n o t t o x i c a t a l l i n t h e s p e c i m e n s whose d i g e s t i v e g l a n d s s h o w e d t o x i c i t y s c o r e s o f a b o u t 1,000 MU/g. I n t h i s c o n n e c t i o n , a f r e e z i n g / t h a w i n ga s s o c i a t e d t r a n s f e r of PSP from h i g h l y t o l o w l y t o x i c t i s s u e s was n o t i c e d . TABLE 3. T o x i c i t y o f t h e a d d u c t o r m u s c l e , d i g e s t i v e g l a n d , a n d o t h e
Non-treated.
"'Less t h a n 2 MU/g.
(B): V i s c e r a l i m p u r i t i e s wiped o f f w i t h t i s s u e paper. (C): Washed w i t h s e a water l i g h t l y . I n t h e case o f t h e a s c i d i a n a s w e l l , t h e h e p a t o p a n c r e a s was much m o r e t o x i c t h a n o t h e r t i s s u e s ( r e f . 6). I n t h e a s c i d i a n -r e s p o n s i b l e p o i s o n i n g i n c i d e n t mentioned p r e v i o u s l y , t h e v i c t i m s i n g e s t e d t h e whole e d i b l e p a r t i n c l u d i n g t h e h e p a t o p a n c r e a s .
Government q u a r a n t i n e limits t o p r o t e c t a g a i n s t PSP t o x i f i c a t i o n by b i v a l v e s have been set i n Japan. I n USA and Canada, t h e q u a r a n t i n e l i m i t of PSP i n b i v a l v e s f o r home consumption
h a s b e e n s e t a t 8 0 pg ( a s STX)/lOOg e d i b l e p a r t . I n J a p a n , o n t h e o t h e r h a n d , t h e q u a r a n t i n e l i m i t i s s e t a t 4 MU/g e d i b l e p a r t , a v a l u e w h i c h i s e s s e n t i a l l y t h e s a m e a s t h a t i n USA and Canada. The q u a r a n t i n e l i m i t f o r PSP i n b i v a l v e s f o r c a n n i n g i s s e t a t 500 MU/g d i g e s t i v e g l a n d ( a l m o s t e q u i v a l e n t t o 100 MU/g e d i b l e p a r t ) , based on t h e r e s u l t s of m o d e l e x p e r i m e n t s ( r e f . 1 4 & 1 5 ) . O t h e r q u a r a n t
i n e l i m i t s a r e s e t f o r b i v a l v e s t o b e p r o c e s s e d i n o t h e r ways. S i n c e t h e s e q u a r a n t i n e l i m i t s were s e t , a l m o s t no PS p o i s o n i n g h a s o c c u r r e d as f a r as b i v a l v e s o r t h e i r p r o d u c t s marketed t h r o u g h a u t h o r i z e d r o u t e s are c o n c e r n e d .
CHEMICAL ASPECTS OF PARALYTIC SHELLFISH POISONING
S c h a n t z e t a l . ( r e f . 3 ) i s o l a t e d t h e f i r s t t o x i n STX f r o m t h e P S P -i n f e s t e d b i v a l v e
Saxidomus g i g a n t e u s . They s u b s e q u e n t l y i s o l a t e d t h i s t o x i n from t h e r e s p o n s i b l e p l a n k t o n -P. c a t e n e l l a ( r e f . 1 6 ) , a n d e l u c i d a t e d i t s s t r u c t u r e i n 1 9 7 5 ( r e f . 1 7 ) . I n J a p a n ,
Kawashiro e t a l . ( r e f . 18) d e t e c t e d a t o x i n o t h e r t h a n STX i n t o x i c a k a z a r a s c a l l o p Chlamys n i p p o n e n s i s a k a z a r a c o l l e c t e d f r o m O f u n a t o Bay, a n d d e s i g n a t e d i t " c h l a m y t o x i n " , b u t n o f u r t h e r s t u d i e s were made. Evans ( r e f . 19) a l s o found unknown t o x i n s i n t o x i c mussel. I n 1975, Shimizu e t a l . ( r e f . 20 & 21) found STX and s e v e r a l unknown t o x i n s i n a t o x i c b i v a l v e
a r e n a r i a c o l l e c t e d from New England and a l s o i n t h e r e s p o n s i b l e p l a n k t o n g. t a m a r e n s i s . (Fig. 3) . p. t a m a r e n s i s t o some e x t e n t
d i f f e r e d i n t o x i n c o m p o s i t i o n depending upon t h e area and y e a r of c o l l e c t i o n . The s c a l l o p s p e c i m e n s s h o w e d a t o x i n c o m p o s i t i o n c l e a r l y d i f f e r e n t f r o m t h o s e o f t h e r e s p o n s i b l e p l a n k t o n , s u g g e s t i n g a n i n v i v o c o n v e r s i o n between PSP components. Ueda e t a l . ( r e f . 23) a l s o d e s c r i b e d t h a t t h e t o x i n c o m p o s i t i o n o f O f u n a t o s c a l l o p s w i d e l y d i f f e r e d d e p e n d i n g upon t h e year of c o l l e c t i o n . Both r e s e a r c h groups d e m o n s t r a t e d t h a t t h e Ofunato s c a l l o p s c o n t a i n e d a f a i r l y l a r g e amount o f u n i d e n t i f i e d t o x i n s , i n a d d i t i o n t o known t o x i n s .
rToxins unbound on Blo-Gel P-2 p,tamrensis GTX4 GTX,, GTX, GTX, neoSTX STX 
T o x i n c o m p o s i t i o n o f P r o t o g o n y a u l a x t a m a r e n s i s i s o l a t e s a.id t o x i c s c a l l o p s KS-796
o f n o r t h e r n J a p a n ( r e f .
OK-734
2 2 ) . 
Toxlc scallops
o i s o l a t e d o r d e t e c t e d f o u r lowt o x i c i t y c o m p o n e n t s f r o m b o t h t h e t o x i c S e n z a k i
Bay o y s t e r a n d t h e r e s p o n s i b l e p l a n k t o n , a n d n a m e d t h e m p r o t o g o n y a u t o x i n s 1-4 (PX1-4).
I t was f o u n d l a t e r t h a t Hall's C1 a
e n t s s u c h a s PX1 a n d PX2 ( r e f . 6). P r o t o g o n y a u l a x p l a n k t o n a n d c l a r i f i e d t h e i r s t r u c t u r e s . GTX5 a n d GTX6 c o r r e s p o n d e d t o Hall's B1 a n d B2, r e s p e c t i v e l y .
T h e s t r u c t u r e o f GTX5 was e l u c i d a t e d by N i s h i o e t a l . ( r e f . 27). T h i s t o x i n i s o f l o w t o x i c i t y , w i t h a s p e c i f i c t o x i c i t y o f 280 MU/mg. I t g a v e r i s e t o STX when h e a t e d i n d i l u t e HC1, i n c r e a s i n g t h e t o x i c i t y s h a r p l y . The t o x i n c o n t a i n e d o n e m o l S03-/mol, a n d showed a n NMR s p e c t r u m w h i c h was i n d i s t i n g u i s h a b l e f r o m t h a t o f STX e x c e p t f o r a c h e m i c a l s h i f t o f H (13). Based on t h e s e a n d o t h e r d a t a , t h e y c o n c l u d e d t h e s t r u c t u r e o f GTX5
K o b a y a s h i a n d S h i m i z u ( r e f . 30) i s o l a t e d GTX s t r a i n ) a n d a n a l y z e d t h e s t r u c t u r e b y m e a n s ,8f 'H-NMR a n d a n d C2. 
n l y by X-ray d i f f r a c t i o n and NMR a n a l y s e s (Fig. 4) . Onoue e t a l . ( r e f . 32) i s o l a t e d and i d e n t i f i e d t h e t w o new t o x i n s d e s i g n a t e d PX1 a n d PX2 f r o m t h e S e n z a k ' o y s t e r f f d t h e r e s p o n s i b l e p l a n k t o n p. c a t e n e l l a . C-NMR s p e c t r o m e t r y , t h e y c o n c l u d e d t h a t PX1 a n d PX2 c o r r e s p o n d e d t o H a l l ' s C a n d C2, r e s p e c t i v e l y . S p e c i f i c t o x i c i t i e s o f PX1 a n d PX2 w e r e 30-40 MU/mg a n d 300-6b0 MU/mg, r e s p e c t i v e l y , b u t were s h a r p l y
i n c r e a s e d when t r e a t e d w i t h d i l u t e H C 1 , s i n c e t h e s e components were c o n v e r t e d i n t o GTX2 and GTX3, r e s p e c t i v e l y .
R e g a r d i n g PX3 a n d PX ( o r H a l l ' s C 3 a n d Cq), N o g u c h i e t a l . ( r e f . 2 6 ) d e t e c t e d t w o unknown s p o t s i n a n e l e c t r o p k e r o g r a m o f a S e n z a k i o y s t e r e x t r a c t , a n d a s s u m e d 5 p r i o r i t h e i r
presence. On a c i d h y d r o l y s i s , t h e two s u s p e c t e d s p o t s d i s a p p e a r e d and i n s t e a d gave r i s e t o GTX4 a n d GTX r e s p e c t i v e l y . From t h e s e r e s u l t s , t h e y p r o p o s e d c a r b a m o y l -N -s u l f o -l l ahydroxy-neoS& s u l f a t e and i t s 110-epimer, as t h e s t r u c t u r e s of PX3 and PX4, r e s p e c t i v e l y ( F i g . 4). S u b s e q u e n t l y , H a l l e t a l . ( r e f . 3 3 ) s u c c e e d e d i n t h e i s o l a t i o n o f b o t h t h e s e components. Harada e t al. ( r e f . 34) i s o l a t e d a n unknown PSP component from Pyr. bahamense v a r . c o m p r e s s a a n d i n f e s t e d b i v a l v e s , a n d i d e n t i f i e d i t a s d e c a r b a m o y l STX ( F i g . 4). Nagashima e t al. ( r e f . 35) found t h a t t h i s PSP component a c c o u n t e d f o r most of t h e t o x i c i t y of t h e t o x i c d i g e s t i v e g l a n d o f " h i o g i " s c a l l o p C h l a m y s n o b i l i s . T h i s t o x i n was demonstrated t o be d e r i v e d from t h e PXs e n z y m a t i c a l l y ( r e f . 36)-S h i m i z u e t a l . ( r e f . 20 & 3 7 ) h a v e i s o l a t e d a n d e l u c i d a t e d t h e s t r u c t u r e s o f o t h e r PSP components. F i g u r e 4 c o l l e c t i v e l y shows t h e s t r u c t u r e s of a l l t h e s e PSP components, a l o n g w i t h t h e i r s p e c i f i c t o x i c i t i e s . They r e p o r t e d t h e s p e c i f i c t o x i c i t y of neoSTX t o be 2,000 MU/mg. D a i g o e t a l . ( r e f . 3 8 ) i s o l a t e d t h i s t o x i n f r o m a t o x i c c r a b a n d d e t e r m i n e d t h e t o x i c i t y t o be 3 , 9 0 0 MU/mg, a s c i t e d h e r e .
Very r e c e n t l y , Onoue a n d Nozawa ( r e f .
9 ) i s o l a t e d t h r e e unknown l o w -t o x i c i t y PSP components from a t o x i c d i n o f l a g e l l a t e Cochlodinium s p . They e x a m i n e d t h e s t r u c t u r e s o f t h e t w o m a j o r c o m p o n e n t s , c o n c l u d i n g o n e t o b e a Zn c o m p l e x o f PXa n d t h e o t h e r t o b e t h a t o f PX4 ( F i g . 5).
B a s e d o n e l e m e n t a l a n a l y s i s , ' H-a n d 
ASSAY M E T H O D S FOR PARALYTIC SHELLFISH POISON
I n J a p a n , P S P i s a s s a y e d by t h e o f f i c i a l m e t h o d u s i n g m i c e . I t r e q u i r e s ddY s t r a i n male mice w e i g h i n g 18-20 g, b u t n o t a n y s p e c i a l i n s t r u m e n t a t i o n . T h i s m e t h o d i s s i m p l e a n d c o n v e n i e n t b u t n o t so a c c u r a t e , and c a n n o t g i v e any i n f o r m a t i o n on t o x i n c o m p o s i t i o n , n o r d i s t i n g u i s h PSP from o t h e r n e u r o t o x i n s s u c h as TTX. I n a d d i t i o n , a n i m a l r i g h t s a c t i v i s t s a l l o v e r t h e w o r l d a r e s t r o n g l y o p p o s e d t o b i o a s s a y u s i n g e v e n m i c e . T L C a n d e l e c t r o p h o r e s i s a r e o f c o u r s e u s e f u l m e a n s f o r PSP d e t e c t i o n , b u t n o t s u i t a b l e f o r PSP d e t e r m i n a t i o n .
With t h i s background, a t t e m p t s have been made t o d e v e l o p a n a l y t i c a l methods u s i n g HPLC i n J a p a n a s w e l l a s s o m e o t h e r c o u n t r i e s . Onoue e t a l . ( r e f . 4 0 ) p r o p o s e d a n HPLC m e t h o d i n w h i c h PSP c o m p o n e n t s w e r e s e p a r a t e d by i o n e x c h a n g e c o l u m n c h r o m a t o g r a p h y , a n d w e r e s p e c t r o f l u o r o m e t r i c a l l y d e t e c t e d by means o f o-phthalaldehyde (OPA). The l o w e r l i m i t of d e t e c t i o n was 0.1-1 nM depending upon t h e PSP component. T h i s method c a n assay f o r PSP and TTX s i m u l t a n e o u s l y , b u t h a s s o m e d i s a d v a n t a g e s : e . g . , OPA r e a c t s w i t h 6 -a m i n o g r o u p s o f c o n t a m i n a t i n g s u b s t a n c e s s u c h as f r e e amino a c i d s , making i t s o m e t i m e s d i f f i c u l t t o d e t e c t PSP p e a k s i n t h e e l u t i o n p a t t e r n . O s h i m a e t a l . ( r e f . 4 1 ) d e v e l o p e d a n o t h e r HPLC m e t h o d f o r PSP a n a l y s i s i n w h i c h t -b u t y l h y d r o p e r o x i d e 'was u s e d a s t h e f l u o r o g e n i c a g e n t .
R e c e n t l y , Nagashima e t al. ( r e f . 42 & 43) have developed a n i o n -p a i r i n g r e v e r s e phase HPLC method i n which p e r i o d a t e and o t h e r compounds a r e used as t h e f l u o r o g e n i c a g e n t s (Fig. 6) . (Fig. 7) . HPLC o f s t a n d a r d m i x t u r e s o f GTXs ( l e f t ) , STXs ( c e n t e r ) a n d PXs ( r i g h t ) ( r e f . 4 3 ) .
By t h i s method, a l l components can be d e t e r m i n e d s a t i s f a c t o r i l y
Studies on paralytic shellfish poison in
ICHTHYOTOXICITY
PS p o i s o n i n g i n h u m a n s , r e s u l t i n g i n f r e q u e n t d e a t h s , h a s a l o n g h i s t o r y . S e a b i r d s a r e a l s o known t o be c a s u a l t i e s from i n g e s t i n g t o x i c b i v a l v e s . White ( r e f . 44-46) claimed t h a t z o o p l a n k t o n -v e c t o r e d PSP a l s o i n t o x i c a t e d a d u l t h e r r i n g i n Fundy B a y , C a n a d a . He a l s o o b s e r v e d t h a t m o s t o f t h e h e r r i n g s p e c i m e n s were k i l l e d when PSP was i n j e c t e d i n t o t h e stomach a t a l e v e l o f 100-200 MU/2Og body weight.
I n J a p a n , many c u l t u r e d y e l l o w t a i l s w e r e k i l l e d i n K i t a u r a B a y , M i y a z a k i P r e f e c t u r e , i n 1 9 8 2 when a p. c a t e n e l l a r e d t
i d e o c c u r r e d . R e p o r t s o f o t h e r f i s h m o r t a l i t y i n c i d e n t s a s s o c i a t e d w i t h P S P h a v e b e e n r a r e . One o f t h e r e a s o n s why s u c h k i n d s of f i s h m o r t a l i t y r e p o r t s have been so rare i n Japan, may, a t l e a s t p a r t l y , be e x p l a i n e d by t h e p o s s i b i l i t y t h a t f i s h k i l l e d i n t h e l a r v a l s t a g e h a v e b e e n o v e r l o o k e d . A s a n o t h e r r e a s o n , i t m a y b e p o i n t e d o u t t h a t f i s h g e n e r a l l y are h i g h l y r e s i s t i b l e t o PSP a d m i n i s t e r e d o r a l l y . TABLE 4 s h o w s MLD v a l u e s f o r PSP i n m a r i n e a n d f r e s h w a t e r f i s h e s ( r e f . 4 7 ) . When g i v e n PSP i n t r a p e r i t o n e a l l y , most f i s h e s showed MLD v a l u e s below a b o u t 10 MU/20 g body w e i g h t , w i t h somewhat h i g h e r v a l u e s f o r p u f f e r f i s h and goby. I n c o n t r a s t , a l l t h e f i s h e s t e s t e d showed a much h i g h r e s i s t i b i l i t y t o PSP when a d m i n i s t e r e d o r a l l y . A l l o f t h e f i s h s p e c i e s t e s t e d
showed MLD v a l u e s o v e r 100 MU/20 g, w i t h t h e h i g h e s t v a l u e of >1,700 MU/20 g f o r t i g e r f i s h . In the Southwestern Islands of Japan, at least 29 people were poisoned and at least 15 died due to ingestion of xanthid crabs during . Figure 8 shows a leaflet which is distributed in these areas to alert visitors. Noguchi et al. (ref. 51 ) isolated a toxin from the toxic crab, and identified it as STX. The toxicity levels of xanthid crab species are generally high, with the highest score of 16,500 MU/g being reported. Since the MLD of PSP in humans is estimated to be 3,000 MU, only one gram of such a toxic crab specimen could kill at least five persons. -65:30-40 :5 f o r 2. a e n e u s , a n d 5 5 : 4 5 : t r a c e f o r A. f l o r i d u s . I n a n o t h e r x a n t h i d c r a b , P l a t y p o d i a g r a n u l o s a , neoSTX was b a r e l y d e t e c t e d , b u t i n s t e a d a n u n i d e n t i 
The mechanism i n v o l v e d i n s u c h a h i g h o r a l PSP r e s i s t i b i l i t y r e m a i n s t o be e l u c i d a t e d .
Koyama e t a l . ( r e f . 52 & 53) r e -e x a m i n e d t h e t o x i n c o m p o s i t i o n o f t w o t o x i c s p e c i e s , ~-Zosimus a e n e u s and A t e r g a t i s f l o r i d u s , and f o r t h e f i r s t t i m e d e t e c t e d neoSTX, a l o n g w i t h small amounts o f GTXs. T o x i c i t y r a t i o s of STX, neoSTX and GTXs were 55
PARALYTIC SHELLFISH POISON-PRODUCING BACTERIA
I t h a s o f t e n been r e p o r t e d t h a t t h e t o x i c i t y l e v e l of a b i v a l v e i s n o t always p a r a l l e l t o t h e d e n s i t y o f t h e r e s p o n s i b l e P S P -p r o d u c i n g p l a n k t o n i n s u r r o u n d i n g w a t e r s . I n t h i s c o n n e c t i o n , t h e a m o u n t o f PSP i n p l a n k t o n c e l l s a l s o d i f f e r s w i d e l y d e p e n d i n g upon t h e p l a n k t o n s t r a i n and c u l t u r e c o n d i t i o n s , and may d i f f e r even between c e l l s of t h e same c l o n e ( r e f . 58).
R e c e n t l y , some m a r i n e t o x i n s such as TTX and n e o s u r u g a t o x i n have been d e m o n s t r a t e d t o be produced by m a r i n e b a c t e r i a ( r e f . 59-62).
T h i s , a l o n g w i t h t h e above-mentioned phenomena, s u g g e s t s a p o s s i b l e i n v o l v e m e n t o f m a r i n e b a c t e r i a . Kodama e t a l . ( r e f . 63) r e c e n t l y have (TABLE 8) . The PSP f r a c t i o n was p r e p a r e d f r o m e a c h o f t h e c e l l e x t r a c t s , a n d s u b j e c t e d t o HPLC a n a l y s i s by N a g a s h i m a ' s m e t h o d ( r e f . 42). T h r e e p e a k s a p p e a r e d w h i c h a g r e e d w i t h PX1 2 , GTX a n d neoSTX i n r e t e n t i o n time. These r e s u l t s e s s e n t i a l l y s u p p o r t Kodama's o b s e r v a t i o n . ?Iowever, f u r t h e r s t u d i e s seem n e c e s s a r y t o s u b s t a n t i a t e PSP-producing b a c t e r i a . CONCLUSION PSP h a s been p o s i n g a n i n c r e a s i n g food-hygienic problem on a w o r l d w i d e s c a l e . I n 1983, f o r e x a m p l e , a l a r g e s c a l e r e d t i d e w i t h Pyr. b a h a m e n s e a s t h e d o m i n a n t s p e c i e s s p r e a d o v e r S o u t h e a s t A s i a , r e s u l t i n g i n many p o i s o n i n g i n c i d e n t s i n t h e P h i l i p p i n e s and T h a i l a n d ( r e f . 66). I n 1986, PSP p o i s o n i n g i n c i d e n t s were r e p o r t e d f o r t h e f i r s t time i n Taiwan ( r e f . 67) and Korea ( r e f . 68). Much i n f o r m a t i o n i s now a v a i l a b l e on PSP, b u t t h e r e s t i l l r e m a i n many problems t o be s o l v e d , e.g., t h e i d e n t i f i c a t i o n of o t h e r PSP-producing p l a n k t o n , t h e t r u e o r i g i n o f PSP, m e t a b o l i c f a t e of PSP components, e s p e c i a l l y of l o w -t o x i c i t y components, and t h e d e v e l o p m e n t o f a n t i d o t e s t o PSP. I t i s e a g e r l y h o p e d t h a t t h e s e a n d o t h e r PSPa s s o c i a t e d problems w i l l be s o l v e d by i n t e r n a t i o n a l c o l l a b o r a t i o n by s c i e n t i s t s i n v a r i o u s f i e l d s . O s h i m a , T. H a y a k a w a , M. H a s h i m o t o , U. K o t a k i a n d T. Y a s u m o t o , B u l l . J a p a n . SOC. S c i . 23. Y. U e d a , T. N o g u c h i , Y. O n o u e , K. Koyama, M. Kono a n d K. H a s h i m o t o , B u l l . J a p a n . SOC. Commun., 9 7 , [649] [650] [651] [652] [653] Fish., 4 8 , 851-854 ( 1 9 8 2 ) . S c i . F i s h . 9, 455-458 ( 1 9 8 2 --SOC. S c i . Fish., 4 9 , 1931 ( 1 9 8 3 ) .
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